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T is of the utmost importance that biologists in this country’ 

.’ 
should be able to apprcciatc both the positive and the negative * 

elcmcnts in the views put forward by Lyscnko and his supportcn ’ 
,: in the Soviet Union. Unfortunately, this has been made much 

more dificult by ill-informed criticism of genetics by supportcn 
of Lyscnko in’this country. If gcncticists held the views attributed 

‘. .,-a . 
to them, they would doubt& dcscrvc scvcrc criticism. As tllcy 

,’ 
do not hold them, such criticism can only make a just apbraisd 
of Soviet gcnctics mom difhcult. 

It will hc convcnicnt to take as my text the original form of nn 
Educational Commentary issued on behalf of the DaiZg 1Vcrkcr 
and Iatcr cmcndcd. According to this document, “the modcri 
doctrine of gcnctics flatly rcjccts the bclicf that plants and animals 
cm1 jmis on to tllcir dcsccndatlts characlcrs acquired uhdcr the 
influcncc of their conditions of lift.” This is justified by a quotatiorr 
from FVeismann over sixty years old. 

Some textbooks of gcnctics contain dogmatic statcmcnts to this 
effect, though they also contain accounts of the effects of col- 
chicinc, which inducts chnractcrs in plants which reappear in 
their offspring for an indcfinitc number of gcncrations. It is also 
quite certain that changes of this type, including the permanent 
loss of organs by disuse, can bc induced in single-celled plants and 
animals. The grcntcst Amcricnn stu+cnt of protozoan gcnctics 
Jennings (lDW), wrote as follows: “The facts in the Protozod 
shorv that nftcr the gcnic matcrinls hnvc undcrgonc an adnptivc 
change, they may assimilate and reproduce in the changed con- 
dition, resulting in an inhcritancc of the change. . . . 

There is thus no gcncral reason why it should not occur in higher organisms- 
no a priori wason why Lhc germ-cells of higher animaIs should no; 
thus acquire certain adaptive characteristics, and hand them on 
to dcsccndants. \Vhcthcr they do so or not is simply a question of 
fact, to be dctcrmincd by observation.” If this is dogmatic 
Wcismannism, the Pope is an ngnostic. It is perhaps worth adding 
that Jennings was a founder of the American journal Geactics. 

If I may be allowed to quote my own work (Haldane 1041) 
I stated: “WC can regard the gcnc as an organ in the cell ‘just ai 
the hecart, pancreas, or femur is an organ in the body as a’whole.” 
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‘i i A,; only add that, if I had thought that genes were never altered 
Iu a result of their activity or inactivity, I chose a remarkably bad 
,,-,alopy, and that in spite of this, so far as I know, no gencticlsts 

ii “- YC attacked my opinion. 
.1 As, of course, Lysenko agrees, acquired characters are not usually 

iahcritcd. Hc refers (p. 87) to “the. frequently observed phen- 
omcnon when the altcrcd organs, charnctcrs, or propcrtics of an . . 
&nnisrn do not appear in the progeny.” 

There is, however, a scnsc in which the commentary is quite 
correct in its statement. Until I read Lyscnko’s speech, I had not 
rccogniscd the idealistic character of MCI&~‘s formulation of his 
r&ts, He spoke of the transmission from one gcncratlon to 
suether of diffcrcntiating characters (dijjcricrcnde lklcrlcntaZc). Now, 
in ordinary speech we do speak of the transmission or inheritance 
of a character. Ii’or cxamplc, I may say that I have inhcritcd my 
father’s watch, and also his cyc colour or baldness. A gcncticist 
S~OUIC~ not USC such lnngungc, and dots not if he is n good geneticist. 
A character is not something which can bc dctachcd and lrnndcd 
en like a watch. Mcndel was presumably a Thomist, and. his 
difl&ren& Mcrlcmale are mcrcly St. Thomas’s formae subslanlzales 
in lay dress. I had given (1041, p. 20) as my ground for rejecting 
the “unit character ” theory that it was too mechanistic. On both 
of thcsc grounds it must bc rcjcctcd. What is inheritcd.is not a set 
of characters, but the capacity for reacting to the cnwronmcnt in 
such a way that, in a particuIar environment, particular characters 
arc dcvclopcd. It is therefore incorrect to speak of the transmission 
of a character, whcthcr “acquired” or not. 

The question is more properly formulated like this. An organism 
X manifests the character-a in cnvironmcnt A, p in environment 
B. If it remains in cnvironmcnt A, its dcsccndants Y ‘will not, in 
gcncral, manifest the character p in environment A. But in some 
casts if X has been placed in cnvironmcnt I3, Y will show the 
character D even in environment A. The question to bc decided -- 
is how often, and in what circumstances, this occurs. 

The Commentary goes on to state that “the modern doctrine 
of genetics considers the hereditary process as somethmg separated 
from and independent of the living body as 3; vholc. Wcismann 
put forward the theory that the living body is divided into two 
parts, a mortal body (or soma) and an immortal heredibry sub- 
stance or germ-plasm, which existed within the mortal body, but 

’ independent of the latter. In his view and that of his followers, 
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. . . . . 
cs in the living body couid have no effect on the hcrcdit+ 

. 

.1 
substance, which is rcproduccd from one generation to anotha 

;’ ,;; : I.,,‘. ” 
unchanged by the conditions of life of the parent organism.” 

I>:- :. ,‘. /y rt’i ; 
Modern geneticists believe, that the hcrcditary process dcpcn& 

i: ‘Z’ .. ;:’ ;;;: 
on material objects, called genes, in the nucleus of a cell, and oa 

,r. 7 -: .!.-..i _ 
other objects outside the nucleus. Usually they rcprdducc thct 

i’ ” .; c .; 
Ii& so that a ccl1 containing a gent of a ccrtnin type divides into 

~ , two others cnch containing a gene of this type. Geneticists arc no; 
, ““ sure whcthcr one of thcsc two is the original gent and the other ,. . . L”. ,. , d’ ‘I :. ., a copy, or whcthcr the original one is scmppcd, nnd two sirnilw 
5. .. . OIICS produced. In the second cast Lhc gcncs, so far from being 

immortal, die at cnch ccl1 division. In the first a gene may persist 

k . for some time. But since a bull consists of about a thousand m illion 
:. a’.: , ,; 

m illion cells, and may product scvcral m illion m illion spermatozoa 
.I’ in its lift, the chance that a gcnc which it receives from its father 

.! is handed on to a calf is probably less thbn one in a m illion m illion. 
, ,, i 

A precarious kind of immortality1 
1. .‘, : 
<, ,,,I ,: 

Not only arc gcncs not immortal, but they do not nlmnys 

.‘*’ .. 
rcproducc their l&c. The production from one gene of a diffcrcnt 

:. 
. . 

type of gcnc is the cvcnt calIed mutation. Some genes arc so 
faithfully rcproduccd that, in a suitable cnvironmcnt, al.l but Ices 

., than one per m illion of the offspring rcceivc a similar gene. Others 

,’ arc so frcqucntly altcrcd that this frcqucncy rises above 1 per cent. 

> ’ : 
Both the frcqucncy of mutation and the direction of the change 

:. 
i . . 

depend on the cnvironmcnt. Mutation frequency can be incrcnscd 
:’ by tcmpcraturc chai~gcs, by abnormal food, by various chemicals 
*., including antibotlics, by X-rays, by;hybridisation, and so on. The 

extranuclcar botlics which play a part in the hcrcditary process, 

\, and sonic of which, a?I; lcnst, can bc transmittccl by grafting, seem 
to bc still more easily affcctcd by cnvironmcntnl changes. 

Thus chnngcs in the rest of the body can and do aflcct the g&es, 
and the gcncs ccrtninly aflcct the rest of the body. This is how they 
are dctcctcd. The two arc in no way indcpcndent, though they have 
a rclativc indcpcndcncc, just as a change in the femur may have 
no marked cffcct on the heart, or convcrscly. The gents, like evcry- 
thing dsc, are a union of opposites. If they were at the mercy of ’ 
cvcry cnvironmcntal cbaugc, ,hcrcdity wouId be impossible. If they 
ahvays rcproduccd their like, evolution, and cvcn the productiou 
of domcsticatcd animal and plant vnrictics, would be impossible. 
h%.cty-nim gcncticists out of a hundred would agree to this slatc- 
nlcnt. In tIic first twcuty years of this century a number of 

IN 

i:,. *: I . .,. . ’ In Lk?ji?lZC& o$ Cienattcs 
,’ : ’ . 
mcticist,s believed in the immutability of genes. I do not know of 
;Ir dm do so to-day. 

me Commentary continues as follows: “Such variations of types 
U do occur from one gcncration to another (e.g. the variat;ons 
blwccn grey and white m ice) arc simply the result of mutatrons 
‘uld ef the interchange of. and recombination of m icroscopic bodies 
taenn as genes iu the process of reproduction.” (In fact, very fc;v 
g any gcncs are visible with a m icroscope.) Even Wcismann did 
not bclicvc this. If you take seeds from a gorse bush and grow 
them under a bell jar in damp air they develop lcavcs, but no 
spines. If you keep rabbits of certain breeds warm they grow up 
rhitc, jf you keep them cool they darken, and so on. Gcncticists 
arc, Ilowcvcr, ngrccd that most, if not all, variation, in so far as it 
i~ not dctcrmincd by the environmcut (and most cconomicnlly 
lmpcrtant variation is dctcrmincd to some extent by the cnviron- 
mcnt) is dctcrmined in the way desdribcd in the Commentary. As 
tic laws of intcrcbange and recombination of gcncs arc fairly well 
known, and those governing mutation are being worked out, this 
means that we can and do product animals- and plants of the 
type dcsircd. 

This is not a matter of combining “chnmctcrs,” which are mctn- 
physical conceptions, but of finding ,out how genes, whrch arc 
material objects, act. To take a trivial example, I wanted a ~cllo~ 
eat without stripes, and was able to produce him from a particular 
mating, although no such cats were previously known, because 
I knew enough about the action of certain genes to predict that 
this mating would produce him, although neither of his parents 
ans yellow. Unfortunntcly, in England I cannot work with any- 
thing larger than a cat. 

The Commentary continues: “Thus in the hands of the modern 
gcfieticists, genetics has become a scicncc of statistical probabilities, 
that is of estimating the chances that certain mutations and corn- 
binations will occur, rather than of trying to discover any laws of 
causal connection which could help mankind to modify and 
control nature.” 

To go hack to my yellow cat, by making the mating which I did, 
I put up the chance of getting the sort of cat I wanted from less 
than one in a m illion to one in four. We do not yet Imow enough 
to put it up from one in four to certainty. gut putting it up t0 
one in four is enough to allow us to control nature. 

It is utterly untrue that geneticists do not try to discover laws 
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of causal connection. Let mc take a typical example. It is knoffn 
that over 1 per cent, of the babies of mothers who lack a certain 
antigen in the blood by men who possess it, die of ,jaundice before 
or soon after birth. This is a mcrc statement of a chance. The next 
step was to discover that the deaths were due to the presence of 
an antibody in the mother’s blood, which leaks through thc- 
placenta and kills the baby. Once this antibody is found, WC aa 
give the baby a blood transfusion at birth, often bcforc it dcvclops 
jaundice, and save its life. In future we shall probably bc able to 
remove the ant,ibody from the mother’s blood, and save those 
babies which dcvclop jaundice bcforc birth. 

It is clear that those who make such statements about gcnctics 
arc unaware of the csistcncc of numerous books on physiologicnl 
genetics which arc entirely concerned with the function of genes, 
and not at all with their statistical distribution. But such state- 
mcnts can only scrvc to antagonise geneticists in Britain whose 
work is ignored or t.rnducctl, nnt? thus to discrcrlit Soviet gcnctics. 

It is, of COLII’SC, true that Wcisrnann bclicvcd in random varin- 
tion. Here is what IMeson wrote about him in 1005: “Variation, 
all agree, is going on still. Why not look and see if it is at random? 
Unfortunately for I’rofcssor Wcismann’s philosophic schcmc, this 
is now being done. . . . If thirty years ago it could be conjectured 
in ignorance that variation was chsotic, many know better to-day.” 
More modern geneticists hold the same view. “Judging from these 
results, thcreforc, the mutation process dots not proceed at ran- 
dom; it is pre-detcrmincd, can bc controlled by altering the ccl1 
environment in a dcfinitc manner,” wiotc Gustaffsson (1047). 

With thcsc prcliminnrics, I may state my own position. I am 
a Darwin&, nlthough Darwin (1870) wrote: “Man, like cvcry other 
animal, has no doubt advanced to his present condition through 
a struggle for existence consequent on his rapid multiplication, 
and if he is to advance still higher, it is to be feared that he must 
remain subject to a scvcrc struggle. Otherwise he would sink into 
indolence, and the more gifted men would not be more successful 
in the battle of life than the less gifted.” Similarly, I am a $Icndclist- 
Morganist, although Mcnrlcl used an idealistic tcrmigology, and 
Jlorgnn wrote of the mechanism of hcrcdity. But Morgan and his 
colleagues made the very great advance of showing that heredity 
has a material, not a mctnphysical, basis. Their discovery under- 
went the normal fate of a11 advances towards materialism. It was 
mechanistically intcrpretcd. And it is often taught in a manner 
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vlliel~ combines mechanism and idealism. Thus genetici.sts sqmc- 
times say that an animal has the same gcnc as its father m a given 
leeus, as if genes combined the property of indestructibility with 
the still more rcmarkablc one of being in two places at once. WC 
s}lould certainly combat such tcndcncics. But that does not mean 
that WC should rcjcct the large clement of gcnuinc, constructive, 
materialism in Morgan’s views. 

The hypothesis that gcncs, or chromosomes, arc the only strut- . 
tures concerned in genetics is certainly untrue. Since Corrcns’ 
Fork in 1902, it has bccu quite clear that structures outside the 
nucleus played an important part ‘in hcrcdity in plants, and in the 
1,u.t fifteen years similar casts have been found in animals, notably 
in Drosophila by I’IIeriticr and Tcissicr, and in mice by Little 
snd his collcagucs. Like the extranuclear factors studied by 
1\liclrurin in plants, these can be transfcrrcd from one organism to 
nnothcr by non-sexual means. The Drosophila factor is transmissible 
by grafl,ing. The factor in mice is pfirt.iclllnrly intrrcst.ing. It is 
found in milk, and on being drunk by the new-born mice, Gnds 
its way into their mammary glands, where it multiplies, causing i. 
increased cell growth, and in later lift frcqucntly cancer. It seems y 

entirely possible that milk transmission ‘may prove valuable m 
improving races of mammals, as grafting can be used in plants. 

It must be cmphasised that a belief in Blendclism does not mean : 
a belief that all inheritance is Rlendclian or chromosomal, any 

d 

more than a belief in polar bonds in chemistry implies a disbelief 
3 

’ E 
in non-polar bonds. Personally, I was writing of non-Mendelian 
inhcritancc in 1024. In the same year Batcson, the apostle of 
Ncndclism in Britain, wrote: “As to what the rest of the cell is 

> 
!I 

doing, apart from the chromosomes, we know little. WC think that 
in plants the presence or absence of chloroplasts may be a matter 
of extra-nuclear transmission. Perhaps the true specific characters 
belong to the cytoplasm, ‘but thcsc arc only idle speculations.” 
We know a good deal more now. 

It has been said that the whole theory of gcnctics has been so 9 
strained by the attempt to incorporate new knowledge that it will 
break down, and WC had better admit it. I think that a Marsist 
shouId bc the last person to admit it. Gcncs exhibit a good deal of 
stability in their reproduction, otherwise heredity would *be 
impossible. They do not exhibit complete stability, or evolution 
would be impossible. They behave as units in certain contexts; in 
others they do not. It is not very easy to alter the germ-cells ‘so 
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*:i:’ 1 

;I]..-. g. ,‘, ‘ 
that later generat ions differ genetically. When  you do  you get 

t..; .” 1  
..: , : ’ ( 

very striking results, as when Humphrcys, after transform’ing the 
;,: 1: ovaries of salamanders into tcstcs by grafting, got broods contain- 

ing 100  per cent. fcmalcs. Every scicncc is at first based on  easily 
reproducible csperimcnts, whose results arc then cxaltcd into 

!:‘I I :‘ .__. Yaws of nature.” 
’ : !r 

But we do  not ccasc to believe in atoms because 
3  .: ,” ,’ 

they can bc split. Nor need w-c ccasc to bclicvc in gcncs bccausc 

.;. ., 
they can be  changed.  On  the contrary, if they wcrc unchangc-  

- . ., . 1. sbIe, I, as a  Marxist, could not bclicvc in them.’ 
.r; , :. .’ 

Lysenko’s most striking claim is the’ production of autumn 
. . wheats from spring whcnts, 

: and  convcrscly, by alterations of 
,. ; .: tcmperaturc and  other condit ions over scvcrnl years. If this claim 

.i: . . is accepted-and the rcsuIt has been rcpcatcd so often that it 
would be  very rash to reject it-it seems reasonable to point out 

.a ,,,! ., 
that the germ-&Is of future gcncrations are dcsccndcd directly 

’ 
from the cells of the growing point of the young shoot. It is pr& 
ciscly thcsc cells which arc affcctcd by the process of vcrnnlisntion. 
And it is not surprising that when they arc chnngcd the germ-cells 
are also changed,  whcrcas it is very much harder to induce changes 
in future gcncrations by changing the metabol ism of lcnf or 
root cells. 

For this reason, I am sccptical of the claims that in general  
“acquired characters arc inhcritcd.” It is, of dourse, true that you 
cannot get a  race of pigs which fatten rapidly unless you feed your 
pigs well for a  number  of gcnerntions. There is no  way of picking 
out the ‘pigs which would fatten if well fed, so long as the food is 
not there. And to my m ind it is ridiculous to suppose that all the 
genes, and  perhaps cytoplasmic factors, rcsponsiblc for fat pro- 
duction under  good fctding, were thcrc in the wild ancestors of 
the pig, and  that brccdcrs have mcrcly combined them. The  
qucstiozl is rvhcthcr the high diet mnkcs the gcncs (or any other 
material basis of heredity) change in such a  way that the pigs lay 
down more fat. It m ight just as well hnvc the opposite cffcct, and  
cause them to oxidise their food more rapidly. My own view is 
that cl~nngcs in the physical basis of heredity arc largely due  to 
internal conflicts in the ccl]. One of the most potent methods of 
producing them is by hybritlisation of species or races so distant 
that they can only bc crossed with difliculty. This does not merely 
give new combinations of gcncs of the preexisting type, but 
changes to genes of a  new type. Some of these changes can be  
valuable to man. 
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Iysenko and his supporters poi&%ith justifiable pride to the :! 

rcry great increase in productivity which has occurred in many 
parts of their country in recent years. If I did not regard Its 

; 

economic system as superior to that of my own country, I should 
hc forced to suppose that its methods of livestock improvement 
~crc greatly superior. But I am much more convinced that col- ‘, ., 

lcctivc farming,is superior to capitalist farming than that Soviet 1. 

breeding practice excels our own. If, of course, they can product 
more wheat per acre, or more m ilk per year from a  cow of given . 

ncight, than the best British or Danish farms, I shall have to ~ 

change this opinion. 7  
Certainly, however, we have 3  great clLa1 to learn from Soviet 

gcncticists. WC must rcalisc that thcrc is a  lot of quite unjustifiable 
idealism and mechanism in our basic concepts. WC must also. take 
mom cognisnnce of cstra-nuclear inheritance and the‘ poss:bllities 
of grafting. Here, as it hnppcns, animal gcncticists outside the 
Soviet Union can product more striking cxpcrimcntal results than . 

nny from the Soviet Union which arc ncccssiblc in this country, 
though as regards plants the opposite is the cast. W e  must carc- 
fully study the results of Soviet cxpcrimcntal work as it becomes 
available. But it must be  realiscd that the results of cspcrimcntal 
work are not available until they are publ ished in such a  form 
that they can be  repcatcd. Every step to make such work accessible 
is a  ma jor contribution to good relations with’ the Soviet Union. ’ 

Most British gcnctic,ists arc, of course, seriously handicapped by 
their divorce from practical agriculture. This will make it cxceed- 
ingly hard for us to verify some of the principal claims of our 
S&et Collcsgucs. 

WC ‘must also bcwarc of idealistic intcrprctations of nnti- 
mcchnnist tcndcncics in Soviet biology, of which Shnw has given 
a  good cxnmplc in a  rcccnt article. In a  recent discussion in 
London some Marxists went so far as to deny that there was 
a  matcr;aI basis of inheritance. Thcrc is good reason to doubt that 
any parts of a  cell arc only the material basis of heredity. Genes 
certainly play an  active part in a  cell’s ordinary life. But a  Marxist 
can no  more deny a  matcrinl basis for heredity than for sensation 
or thought. 

If this discussion were mcrcly academic, I m ight well keep out 
of it, as others in similar positions have done. But if the views held 
in Marxist circles ‘arc going to be  of increasing importance in 
Britain in the future, as they have been in other countries, the 
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situation is different. I believe that whoIIy unjustifiable attse)l 
have been made on my profession, and one of the most importnn 
lessons which I have learned ds a Marxist is the duty of supportia, 
my fellow morkcrs. !Vc are not infahible, but we certainly do no 
hold many of the opinions which are attributed to us. 

1 
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BY J. D. BERNAL 

1IE importance of the gcnctics controversy in the Soviet 
Union rsngcs far wider than the field of biology. It is already 

being prescntcd as a political rather thar-3 scientific controversy 
,-,o(l has bccomc a major intellectual weapon in the cold war. 
1~ is this wider aspect of the cont.rovcrsy that mnkcs it possible - 
nnd cvcn desirable that it should bc discussed by others than 
profcsscd biologists who are inevitably influcnccd by the very 
tradition of genetics that is in question. 

The duration of the controversy inside the Soviet Union and 
tl~e violence of its effects outside show that the whole matter is 
ow of an importance that demands that it should be understood 
by all who arc conccr~~cd wilh the main political and philosophical 
problems of our time. That understanding has now bccon~ much 
simpler since the publication in English of the verbatim account of 
the discussion at the Lenin Academy of AgriculturaI Scicnccs in 
August of last year. 1 There. is no doubt that this publication will, 
when it is assimilated, give rise to.a new flood of attacks on science 
in the Soviet Union, and by the usual implications on everything 
else thcrc. The way in which thcsc attacks are taken up in the press 
normsHy so indifferent to scicncc and are amply disseminated by 
the B.B.C., with the ‘accompanying distortions and infcrcnccs, 
make it all the more important to study the book itself. Like 
every other political event in the Soviet Union, the controversy 
has been hailed as cvidcncc of both wickedness and folly in the 
conduct of the Socialist state. It has been claimed as a blow to the 
Iibcrty of science, 5s a turning back to confused and antiquated 
ideas, and as certain to result in the destruction of Soviet scicncc 
nnd in the rapid decay of its agriculture. The cnemics of the Soviet 
Union, for lack of more cffcctive means of injuring it, have, how- 
cvcr, been proclaiming its doom for internal reasons for a very 
long time, and the cvcnt has, unfortunately for them, always 
proved to bc the opposite of their predictions. IZvcn those who 
nrc still certain that the I3olshcvik.s arc knnvcs might by now lx 
accustoming themselves to the idea that they are not fools as well. 

1 The Situafion in Biological Scimuc (Foreign Languugcs Publishing KOUSC, 
Bloscow, lD40), (Collcts, London). 
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